A group of hydrocephalic children born with spina bifida aperta and myelomeningocoele which was closed at birth and who are now over 5 years of age, have had their brainstem function tested by means of the brainstem auditory evoked potential. There have been previous studies of the brainstem auditory evoked potential on neonates with hydrocephalus' 2 and on a group of hydrocephalus patients of mixed aetiology.3 To our knowledge only two studies have examined brainstem potentials in hydrocephalic children with spina bifida aperta. 4 5 Brainstem auditory evoked potentials have been claimed to be a useful means of assessing the course of hydrocephalus and of predicting the development of symptomatic Arnold-Chiari malformation. The results presented here question such claims.
Patients and methods
Brainstem auditory evoked potentials were recorded bilaterally from 18 children aged 5 to 17 years. Clinical details were available in 16 and are given in tables 1 and 2. All had spina bifida aperta with thoraco-lumbar, lumbar or lumbo-sacral myelomeningocoele closed within 48 hours of birth. Development of hydrocephalus was assessed clinically by measurement of the occipito-frontal head circumference and confirmed by air ventriculography. Holter ventriculo-atrial shunts were inserted at 8 days to 2 months of age in 16 and in one the shunt was removed at 4 months. Two had arrested hydrocephalus and were not shunted. All were paraplegic or paraparetic with urinary and orthopaedic problems. Those with valves had multiple revisions and two had a history of infected valves with meningitis in the past and four developed fits. At the time of recording none had an acute illness or infection nor were there signs of raised intracranial pressure; only one had an upbeating nystagmus as a sign of brainstem dysfunction. None of the children had hearing loss; the hearing threshold tested subjectively was less than 20 dB in all but one child, in whom it was 25 dB as a result of frequent middle ear infections. Four additional patients were studied with confirmed hydrocephalus but without spina bifida: two had primary hydrocephalus due to aqueduct stenosis and in two the hydrocephalus was secondary to Brainstem auditory evoked potential abnormalities in myelomeningocoele in the older child intracranial haemorrhage at birth. They were shunted at age 3-10 months and were aged 5 to 12 years at the time of recording. Normal data were obtained from a group of age and sex matched healthy children (tables 3 and 4). A Nicolet pathfinder system was used to record the brainstem auditory evoked potential monaurally following alternating polarity clicks of l00,us duration at 9 3 Hz and with an intensity of 70dB above hearing threshold. Masking noise at 50dB was applied to the other ear. Silver-silver chloride electrodes were applied for recording at the vertex (Cz) and mastoid processes with an earth electrode at Fz (10-20 system ). An amplifier bandwidth of 100-3000 Hz (6 dB per octave roll ofl) was used and two separate averages of 2000 sweeps were recorded simultaneously from both sides. Amplitudes, latencies and interpeak latencies were determined from a cursor display and the means and standard deviations of the normal data were determined. Tables 3 and 4 give the normal interpeak latency and amplitude values from 30 age matched controls. The brainstem auditory evoked potential was classed as abnormal in all but one of the spina bifida aperta patients. Examples of the types of abnormality are shown in fig 3. In figs 1 and 2 the interpeak latencies are shown expressed in terms of the standard deviation from the normal mean. Those without spina bifida are indicated by different symbols. Table 5 No correlation was found between the I-V interpeak interval in spina bifida aperta and the delay before insertion of a shunt (correlation coefficient r = 0 1 (males) and 0-3 (females)). It appears from fig 1 that the I-V interpeak interval is longer in older boys but no statistical correlation was found (r = 0-4).
Results
Three children of the four with only one abnormal interpeak latency (table 1) did not need to be shunted or had the shunt removed. All but one of those with thoraco-lumbar defects had more than one abnormal interpeak latency indicating that they were a more severely affected group (table 2) .
Discussion
The auditory brainstem pathways in children with spina bifida aperta and long term hydrocephalus are shown to be abnormal in all cases except one (94%). Several reasons for this have been proposed and it is important to determine the mechanism as the degree of abnormality of the brainstem auditory evoked potential has been suggested as a means of monitoring hydrocephalus and function of the shunt' 6 and as a sign of presymptomatic Arnold-Chiari malformation. 4 One possibility is that the abnormalities are the result of increased intracranial pressure. Prolonged Ill-V and I-V interpeak intervals have been Table 4 Normal amplitude values (js) for BAEP in 12 normal males (M) (7 to 17 years old) and 18 normalfemales (F) ( . Spina bifida aperta is associated with ArnoldChiari type II malformation9-1 and hydrocephalus appears in 90% of these cases;12 aqueduct stenosis is also seen. There is no agreement about the precise relationships between these conditions. Spina bifida aperta is believed to be the primary lesion by some'3 but others9 13-15 claim that spina bifida aperta, Arnold-Chiari malformation and aqueduct stenosis are all manifestations of a developmental dysgenesis of the neuroaxis with a common but unknown cause. It is proposed that the abnormalities are a feature of Arnold-Chiari type II malformation which is present in most, if not all cases of spina bifida aperta. The severity of the deformity increases with the extent of the spina bifida aperta defect4 16 17 and may explain why 87 5% of the cases with thoraco-lumbar defects are associated with higher brainstem abnormalities in our series ( 
